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REDUCED SOFT ERROR RATE THROUGH 
METAL FILL AND PLACEMENT 

The present invention relates to integrated circuits, and, 
more speci?cally, to reducing the soft error rate (SER) in 
integrated circuits. 
As integrated circuit (IC) manufacturing technology con 

tinues to achieve ICs that are scaled doWnWard in siZe, the 
probability of relatively highly energetic ioniZing radiation 
particles reaching transistors formed as part of the IC 
increases. These particles may comprise cosmic neutrons or 
alpha particles emitted from solder bumps or C4s (controlled 
collapse chip connections) or from packaging materials such 
as ceramics. The energetic particle may have su?icient energy 
to penetrate into the active device silicon layer and generate or 
deposit a charge Within the body or channel of a transistor 
device formed in a bulk or in a silicon-on-insulator (SOI) 
technology. This charge can turn a transistor “on” for a short 
period of time, Where that transistor Was previously turned 
“of .” This momentarily disrupts proper operation of the tran 
sistor and the circuit (e.g., latch, SRAlVI/DRAM cells) that the 
transistor is a part of (i.e., the logic circuit latch or memory 
cell may undesirably change its stored binary state). This type 
of soft error event is typically referred to as a single event 

upset (SEU). 
Various techniques are knoWn to attempt to mitigate these 

soft errors. These include physically shielding the entire IC 
device from radiation through use of, e. g., a blocking layer as 
part of the IC. Also, logical techniques have been employed. 
For example, at a register level, parity bits are added to stored 
data and error correction codes are used to check for cor 
rupted data. At the latch level, in Which only a single bit of 
information is typically stored, three latches can be used to 
represent the same data and a one out of three majority circuit 
is used to read the data (i.e., ab+ac+bc). At the transistor level, 
redundant transistors/ storage nodes may be employed and 
compared against one another. These techniques, hoWever, 
can be expensive to employ, in terms of area utiliZed on an IC, 
delay and/or poWer consumption. 

BRIEF SUMMARY 

According to an embodiment of the invention, a method for 
reducing single event upsets in an integrated circuit includes 
the step of providing a plurality of levels Within the integrated 
circuit, Wherein the plurality of levels Within the integrated 
circuit are in a stacked arrangement. The method also 
includes the step of providing a plurality of metal ?ll patterns 
Within each of the plurality of levels Within the integrated 
circuit. The method further includes the step of placing the 
plurality of metal ?ll patterns Within at least one of the plu 
rality of levels in a pattern such that a line of sight toWards an 
active silicon layer does not exist through the stacked arrange 
ment of the plurality of levels, thereby increasingly absorbing 
ioniZing radiationparticles, and thereby reducing single event 
upsets in the integrated circuit. 

According to another embodiment of the invention, an 
integrated circuit includes a plurality of levels in a stacked 
arrangement. The integrated circuit also includes a plurality 
of metal ?ll patterns Within each of the plurality of levels, 
Wherein the plurality of metal ?ll patterns Within at least one 
of the plurality of levels are arranged in a manner such that a 
line of sight does not exist Within the stacked arrangement of 
the plurality of levels, thereby increasingly absorbing ioniZ 
ing radiation particles, and thereby reducing single event 
upsets in the integrated circuit. 
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2 
Additional features and advantages are realiZed through 

the techniques of the present invention. Other embodiments 
and aspects of the invention are described in detail herein and 
are considered a part of the claimed invention. For a better 
understanding of the invention With the advantages and the 
features, refer to the description and to the draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The subject matter Which is regarded as the invention is 
particularly pointed out and distinctly claimed in the claims at 
the conclusion of the speci?cation. The foregoing and other 
features and advantages of the invention are apparent from the 
folloWing detailed description in conjunction With the accom 
panying draWings in Which: 

FIG. 1 is a top vieW of an embodiment of a metal level 
Within an IC With approximately 25% metal ?ll content in the 
prior art; 

FIG. 2 is a top vieW of an embodiment of a metal level layer 
Within an IC With approximately 60% metal ?ll content; 

FIG. 3 is a top vieW of an embodiment of a metal level 
Within an IC With approximately 80% metal ?ll content; 

FIG. 4 is a cross section vieW of several levels of metal in 
a ?rst alignment thereof Within a portion of an IC in the prior 
art; and 

FIG. 5 is a cross section vieW of several levels of metal in 
a second alignment thereof Within a portion of an IC. 

DETAILED DESCRIPTION 

Referring to FIG. 1, there illustrated is an embodiment of a 
metal level 100 Within an IC With approximately 25% metal 
?ll content With respect to the overall surface area of the entire 
metal level 100 in the prior art. FIGS. 2 and 3 illustrate 
embodiments according to the invention of a metal layer 100 
Within an IC With approximately 60% and 80% metal ?ll 
content, respectively. The metal ?ll in the embodiments of 
FIGS. 1-3 may comprise patterns in the form of, e.g., squares 
110, although other suitable shapes for the metal ?ll patterns 
110 may be utiliZed. Each metal ?ll pattern or square 110 may 
comprise a portion of the surface area of a corresponding 
larger square 114 With the larger squares 114 being arranged 
in a grid 118. Thus, a metal ?ll content of 25% is similar to 
every square 114 having a metal ?ll surface area of 25%, the 
metal ?ll surface area also being in the form of a square 110. 
In FIGS. 1-3, the squares 110 are ?anked on each side by a 
continuous metal line 120 that may comprise a signal Wire, or 
a poWer supply line (Vdd or Gnd) as part of the electrically 
active circuitry. 
The semiconductor IC manufacturing industry typically 

utiliZes a back-end-of-line (BEOL) metal ?ll process step in 
order to ease the chemical mechanical polishing (CMP) pro 
cess. During the process-of-record (POR) ?ll routine, a metal 
?ll algorithm may generate “dummy” metal ?ll patterns, for 
example, the squares 110 of FIGS. 1-3, Which are included in 
each of the metal levels or layers 100 of the IC design. Modern 
ICs typically have approximately ten or more levels 100 of 
metal. The metal ?ll patterns 110 are not part of the actual 
design of the IC, but simply ?ll empty space Within the IC 
With a typically uniform metal ?ll pattern (e. g., squares) that 
take up a certain percentage of the overall surface area of the 
corresponding metal level 1 00, although a non-uniform metal 
?ll pattern may be utiliZed. Typical metal ?ll densities can 
range from 20% to 80%, With an average of approximately 
50%. 
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However, a greater amount of surface area metal Within the 
metal level 100 equates to a larger amount of metal that can 
potentially absorb the highly energetic ioniZing radiation par 
ticles. Thus, a 50% metal ?ll rate may not be large enough to 
adequately absorb the ioniZing radiation particles. In general, 
a higher percentage of metal is bene?cial for SER mitigation, 
as the ioniZing particle stopping poWer of a metal (e.g., cop 
per) is higher than the stopping poWer of a dielectric (e.g., 
silicon dioxide), Which is commonly used in an IC design, for 
example, in betWeen the metal squares 110 and also in 
betWeen metal levels 100 stacked on top of each other (FIGS. 
4-5). HoWever, other metals besides copper may be used that 
are suitable for stopping ioniZing radiation particles. Accord 
ing to embodiments of the invention, by increasing the 
amount of metal ?ll in the squares 110 (such as the 80% ?ll 
squares 110 in FIG. 3 as compared to the 25% ?ll squares 110 
in FIG. 1 in the prior art), the number of undesirable SEUs 
that may occur Within the 1C is decreased, thereby decreasing 
the overall SER of the IC. Embodiments of the invention are 
not limited to an 80% maximum ?ll rate; other ?ll rates 
greater than or less than 80% are possible. 

Referring to FIG. 4, as mentioned, modern lCs typically 
have approximately ten or more levels 100 of metal. Even 
With this relatively large number of metal levels 100, there can 
be instances Where the metal ?ll patterns 110 are arranged in 
a pattern that results in a “line of sight” through openings 
betWeen the metal ?ll patterns 110 and through the oxide 130 
that is typically used Within an IC as an insulator. FIG. 4 
illustrates in cross section four levels 100 of metal stacked on 
top of each other, as in the prior art. The lines With arroWheads 
140 each depicts the line of sight through the entire stack of 
metal levels 100 in FIG. 4. Such a “line of sight” through the 
entire stack of metal levels 100 is undesirable, since it may 
lead to a path exclusively through oxide, and not through the 
better absorbing metal. Particles going through such a path 
Will reach the active silicon (e.g., transistorsinot shoWn) in 
higher numbers and/ or With higher energy. 

FIG. 5 is similar to FIG. 4 in that it illustrates in cross 
section several levels 100 of metal ?ll patterns 110 in a pattern 
or arrangement. HoWever, the alignment of the metal ?ll 
patterns 110 of FIG. 5 results in a pattern of strategically 
placed metal ?ll patterns 110 that eliminate the clear line of 
sight or path through the metal levels 100 and the oxide 130 
and on to the active (silicon) device layer. This results in a 
reduction or even an elimination in the ability of a highly 
energetic particle to reach the active device layer and cause an 
SEU, Which has the bene?cial effect of reducing the SER of 
the overall IC. In FIG. 5, the strategically placed metal ?ll 
patterns 110 involves those of the second metal level 100 from 
the top being offset from metal ?ll patterns 110 of the other 
metal levels 100 Within the portion of the 1C of FIG. 5. 
HoWever, suitable strategic placements of the metal ?ll pat 
terns 110 Within each metal level 100 other than an offset of 
a single level 100 may be utiliZed, in accordance With the 
teachings herein. 

The metal ?ll patterns 110 may be formed during the 
BEOL process step, or may be formed during some other step 
in the 1C manufacturing process. Also, by forming the metal 
?ll patterns 110 during the BEOL process step, the bene?ts of 
the CMP process steps are not reduced. 

The terminology used herein is for the purpose of describ 
ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an” and “the” are intended to include the plural forms as 
Well, unless the context clearly indicates otherwise. It Will be 
further understood that the terms “comprises” and/ or “com 
prising,” When used in this speci?cation, specify the presence 
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4 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, integers, steps, operations, 
elements, components, and/ or groups thereof. 
The corresponding structures, materials, acts, and equiva 

lents of all means or step plus function elements in the claims 
beloW are intended to include any structure, material, or act 
for performing the function in combination With other 
claimed elements as speci?cally claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modi?cations and variations Will be apparent to those of 
ordinary skill in the art Without departing from the scope and 
spirit of the invention. The embodiment Was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments With various modi?cations as are suited to the 
particular use contemplated. 

While the preferred embodiments to the invention have 
been described, it Will be understood that those skilled in the 
art, both noW and in the future, may make various improve 
ments and enhancements Which fall Within the scope of the 
claims Which folloW. These claims should be construed to 
maintain the proper protection for the invention ?rst 
described. 
What is claimed is: 
1. A method for reducing single event upsets in an inte 

grated circuit, comprising: 
providing a plurality of levels Within the integrated circuit, 

Wherein the plurality of levels Within the integrated cir 
cuit are in a stacked arrangement; 

providing a plurality of metal ?ll patterns Within each of the 
plurality of levels Within the integrated circuit; and 

placing the plurality of metal ?ll patterns Within at least one 
of the plurality of levels in a pattern such that a line of 
sight toWards an active silicon layer does not exist 
through the stacked arrangement of the plurality of lev 
els, thereby increasingly absorbing ioniZing radiation 
particles, and thereby reducing single event upsets in the 
integrated circuit. 

2. The method of claim 1, Wherein at least some of the 
plurality of metal ?ll patterns comprise one of a number of 
shapes. 

3. The method of claim 2, Wherein at least one of the shapes 
comprises a square. 

4. The method of claim 1, Wherein the metal comprises 
copper. 

5. The method of claim 1, Wherein the plurality of metal ?ll 
patterns in at least one of the plurality of levels are arranged in 
a uniform pattern. 

6. The method of claim 1, Wherein at least some of the 
plurality of metal ?ll patterns comprise copper. 

7. The method of claim 1, Wherein placing the plurality of 
metal ?ll patterns Within at least one of the plurality of levels 
in a pattern such that a line of sight does not exist through the 
stacked arrangement of the plurality of levels comprises off 
setting at least one of the plurality of levels With respect to 
other ones of the plurality of levels such that the pattern of the 
plurality of metal ?ll patterns Within the offset level is offset 
from the pattern of the plurality of metal ?ll patterns from the 
other ones of the plurality of levels, such that a line of sight 
does not exist Within the stacked arrangement of the plurality 
of levels. 

8. The method of claim 1, Wherein the plurality of metal ?ll 
patterns Within each of the plurality of levels Within the inte 
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grated circuit comprise a surface area of greater than 50% 
With respect to an overall surface area of the corresponding 
level. 

9. The method of claim 8, Wherein the surface area of the 
plurality of metal ?ll patterns in at least one of the plurality of 
levels is approximately 80% With respect to the overall sur 
face area of the at least one of the plurality of levels. 

10. A method for preventing ioniZing radiation particles 
from causing a single event upset in an integrated circuit, 
comprising: 

providing a plurality of levels in a stacked arrangement 
Within the integrated circuit; 

providing a plurality of metal ?ll patterns Within each of the 
plurality of levels Within the integrated circuit; and 

placing the plurality of metal ?ll patterns Within at least one 
of the plurality of levels in a pattern such that a line of 
sight does not exist Within the stacked arrangement of 
the plurality of levels, thereby increasingly absorbing 
the ioniZing radiation particles, and thereby preventing 
the single event upset in the integrated circuit. 

11. The method of claim 10, Wherein at least some of the 
plurality of metal ?ll patterns comprise squares. 

12. The method of claim 10, Wherein the plurality of metal 
?ll patterns comprise copper. 

13. The method of claim 10, Wherein the plurality of metal 
?ll patterns in at least one of the plurality of levels are 
arranged in a uniform pattern. 

14. The method of claim 10, Wherein providing the plural 
ity of metal ?ll patterns Within each of the plurality of levels 
Within the integrated circuit occurs during a back-end-of-line 
step during manufacturing of the integrated circuit. 

15. The method of claim 10, Wherein placing the plurality 
of metal ?ll patterns Within at least one of the plurality of 
levels in a pattern such that a line of sight does not exist Within 
the stacked arrangement of the plurality of levels comprises 
offsetting at least one of the plurality of levels With respect to 
the other ones of the plurality of levels such that the pattern of 
the plurality of metal ?ll patterns Within the offset level is 
offset from the pattern of the plurality of metal ?ll patterns 
from the other ones of the plurality of levels, such that a line 
of sight does not exist Within the stacked arrangement of the 
plurality of levels. 

16. The method of claim 10, Wherein each of plurality of 
metal ?ll patterns Within each of the plurality of levels Within 
the integrated circuit comprises a surface area of greater than 
50% With respect to an overall surface area of the correspond 
ing level. 
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17. The method of claim 16, Wherein the surface area of 

each of the plurality of metal ?ll patterns in at least one of the 
plurality of levels is approximately 80% With respect to the 
overall surface area of the at least one of the plurality of levels. 

18. An integrated circuit, comprising: 
a plurality of levels in a stacked arrangement; and 
a plurality of metal ?ll patterns Within each of the plurality 

of levels, Wherein the plurality of metal ?ll patterns 
Within at least one of the plurality of levels are arranged 
in a manner such that a line of sight does not exist Within 
the stacked arrangement of the plurality of levels, 
thereby increasingly absorbing ioniZing radiation par 
ticles, and thereby reducing single event upsets in the 
integrated circuit. 

19. The integrated circuit of claim 18, Wherein at least 
some of the plurality of metal ?ll patterns comprise squares. 

20. The integrated circuit of claim 18, Wherein the plurality 
of metal ?ll patterns in at least one of the plurality of levels are 
arranged in a uniform pattern. 

21. The integrated circuit of claim 18, Wherein the metal of 
the metal ?ll patterns comprises copper. 

22. The integrated circuit of claim 18, Wherein the plurality 
of metal ?ll patterns Within at least one of the plurality of 
levels are arranged in the pattern that comprises at least one of 
the plurality of levels being offset With respect to the other 
ones of the plurality of levels, such that a line of sight does not 
exist Within the stacked arrangement of the plurality of levels. 

23. A method, comprising: 
providing a plurality of levels Within an integrated circuit, 

Wherein the plurality of levels Within the integrated cir 
cuit are in a stacked arrangement; and 

providing a plurality of square metal ?ll patterns Within 
each of the plurality of levels Within the integrated cir 
cuit, Wherein the plurality of square metal ?ll patterns 
Within each of the plurality of levels Within the inte 
grated circuit comprises a surface area of greater than 
50% With respect to an overall surface area of the corre 
sponding level. 

24. The method of claim 23, Wherein the surface area of the 
plurality of square metal ?ll patterns in at least one of the 
plurality of levels is approximately 80% With respect to the 
overall surface area of the at least one of the plurality of levels. 

25. The method of claim 23, further comprising placing the 
plurality of square metal ?ll patterns Within at least one of the 
plurality of levels in a pattern such that a line of sight does not 
exist Within the stacked arrangement of the plurality of levels. 

* * * * * 


